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TECHNICAL REVIEW

Techniques of image enhancement in EUS (with videos)
Pietro Fusaroli, MD, Adrian Saftoiu, MD, Maria Grazia Mancino, MD, Giancarlo Caletti, MD,
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Since its introduction to clinical practice in the 1980s, EUS
has been progressively used to stage and diagnose pancrea-
ticobiliary and GI benign and malignant disorders. Compar-
ison studies have shown that EUS is more accurate than
transabdominal US, CT, and magnetic resonance imaging
in the detection and staging of GI and extraluminal lesions.1-3

In addition, EUS-guided FNA (EUS-FNA) is a well-established
technique allowing for tissue sampling whenever indicated.4

However, EUS presents a few limitations. First, it is very
operator dependent. Second, it requires high levels of train-
ing and a high yearly volume of examinations to maintain
adequate diagnostic skills.5 Third, biliary stents and chronic
pancreatitis act as confounding factors limiting EUS accuracy
in pancreaticobiliary exploration.6,7 The same limitations may
hamper EUS-FNA accuracy, too.8-11

To limit EUS shortcomings, researchers have used sev-
eral techniques of image enhancement. These imaging
techniques will hopefully make EUS less operator depen-
dent, predict the histologic nature of the lesions before
EUS-FNA, and allow more reliable assessment of malig-
nant infiltration. The purpose of this review is to describe
the methodology of the available techniques and to put
them in the appropriate clinical context.

RESEARCH METHODS

All articles pertinent to the techniques of image en-
hancement in EUS ever published were retrieved by using
a PubMed search. The main search terms were elastogra-
phy, contrast harmonic enhancement, ultrasound contrast
agents, tissue harmonic, power Doppler, color Doppler,
3D imaging, electronic scanning, endoscopic ultrasonog-
raphy, endoscopic ultrasound, EUS, and endosonography.
All of the references of the retrieved articles were scruti-

Abbreviations: 3-D, 3-dimensional; CHE-EUS, contrast harmonic–
enhanced EUS; ER-ES, electronic radial echoendoscope; EUS-FNA, EUS-
guided FNA; UCA, US contrast agent.
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ized to identify any additional articles that might have
een missed by the PubMed search. In addition, the au-
hors reported their own experiences both in technical and
linical aspects correlated with the techniques under
eview.

LECTRONIC EUS

The electronic echoendoscopes represented the first
ttempt to enhance the image quality in EUS, compared
ith mechanical ones. Initial experiences with an elec-

ronic radial echoendoscope (ER-ES) in humans were re-
orted by Anderson and Scheiman,12 who evaluated the
erformance of a prototype ER-ES compared with a me-
hanical sector scanning echoendoscope. Although ER-ES
as not inferior to the mechanical echoendoscope, a sig-
ificant advantage was the ability to use it with the same
rocessor of the linear echoendoscope, overcoming the
eed for multiple US processors. Subsequently, Niwa et
l13 showed a superiority of the images acquired by the
R-ES when compared with those acquired by the me-
hanical radial echoendoscope in the investigation of both
ystic and solid diseases of the pancreas.

A prospective, randomized study14 compared electronic
ersus mechanical scanning, evaluating both image qual-
ty and performance variables like time needed to obtain a
efinitive visualization of defined structure. One advan-
age of the ER-ES turned out to be the significantly quicker
dentification of the common bile duct both by the expe-
ienced endosonographers and by the trainees, irrespec-
ive of the use of Doppler.

ASIC TECHNIQUES OF IMAGE
NHANCEMENT

olor Doppler EUS
Color Doppler EUS is a powerful and simple method for

etecting blood vessels and can be of great advantage in
ifficult cases. After the first seminal studies with mechan-
cal echoendoscopes in the field of portal hypertension
rom Caletti et al,15,16 several investigators have addressed
he utility of color Doppler EUS in this setting.

Sato et al17 first evaluated the direction of blood flow in
erforating veins (communicating vessels between esoph-

geal varices and paraesophageal veins) by using color
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Image enhancement in EUS Fusaroli et al
Doppler EUS with an ER-ES. Subsequently, they reported
that an ER-ES was superior to the linear echoendoscope in
detecting two additional parameters (palisade veins and
pulsatile waves) deemed useful in choosing esophageal
varices treatment.18 Additionally, they demonstrated that
olor Doppler EUS could predict a high risk of hemor-
hage from gastric varices by evaluating blood flow veloc-
ty and wall thickness at the level of submucosal gastric
arices.19

Probably the most important finding in this field is the
importance of the analysis of the blood flow of variceal
feeders from the portal venous system for therapeutic
urposes. It has recently been shown that the frequency
f detection of perforating veins and the inflowing type
f perforating veins by using color Doppler EUS was
ignificantly associated with variceal recurrence after
clerotherapy.20

Power Doppler EUS
Săftoiu et al21 first showed that power Doppler EUS

rovided useful information for the differential diagnosis
etween pancreatic cancer and pseudotumoral inflamma-
ory masses, even without the enhancement produced by
S contrast agents (UCAs). In detail, the accuracy of the
bsence of power Doppler signals inside the mass in
iagnosing pancreatic cancer was 88%, with a negative
redictive value of 83%, which was comparable with the
ccuracy and negative predictive value of EUS-FNA of 93%
nd 81%, respectively.

Tissue harmonic EUS
Tissue harmonic imaging is an important derivative

technique of the harmonic imaging method, which was
developed to increase the efficiency of visualization by
using UCAs. Tissue harmonic imaging was first used for
transabdominal US; subsequently, its availability in elec-
tronic processors has allowed its use in EUS, too.

Ishikawa et al22 published the first study comparing
tissue harmonic imaging to fundamental imaging in eval-
uating pancreatic lesions. For cystic and solid lesions,
tissue harmonic imaging was significantly clearer than
fundamental harmonic imaging (ie, standard EUS imaging)
for visualizing boundary and septum and nodules (Fig. 1).
In particular, the microcystic features of serous cystadeno-
mas were clearly delineated only by tissue harmonic
imaging.

EUS elastography
Description of the technique. EUS elastography is an

imaging technique that displays differences in hardness
between tissues, thus estimating elasticity distribution in
normal and pathological areas. The images are obtained in
real time, being overimposed as a transparent color over-
lay on the usual EUS gray-scale images.23,24 The probe
generates US waves, inducing slight compression and

decompression of tissues under examination. The back- t
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cattered US signals are analyzed by the built-in soft-
are to estimate the axial strain. For an optimal spatial

esolution, the software incorporates 3-dimensional
3-D) techniques.25 By measuring the tissue strain in-
uced by compression, it is possible to estimate the
echanical properties of tissues, which may be useful

n diagnosing and differentiating benign and malignant
umors.

Real-time EUS elastography can be performed with nor-
al radial (Pentax EG 3670 URK; Hamburg, Germany) or

inear (Pentax 3870 UTK) EUS transducers, based on the
ddition of special software that can interpret the deforma-
ion distribution (Hitachi Medical Systems, Europe Holding
g, Zug, Switzerland). Until now, elastography was not avail-
ble with Olympus echoendoscopes. Similar to color Dopp-
er examinations, EUS elastography can be performed by
sing a two-panel image, with the conventional gray-scale
-mode EUS image on the right and the elastography image
n the left (Fig. 2). A region of interest for the elastography
alculations is manually selected and should include the

igure 1. Linear echoendoscope imaging of a pancreatic cyst with
nternal vegetation in a patient with intraductal papillary mucinous neo-
lasm. A, Standard endoscopic ultrasound imaging. B, Tissue harmonic
maging allows better appreciation of the internal vegetation and of the
oundaries between the cyst and the surrounding parenchyma.
argeted lesion as well as the surrounding soft tissues. For
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Fusaroli et al Image enhancement in EUS
visualization of an elasticity map inside the region of interest,
different elasticity values are marked with different colors (on
a scale of 0-255). Recent US systems provided the opportu-

Figure 2. EUS elastography images depicting suggestive aspects of c
euroendocrine tumor (C). Elastography region of interest is user-define
alues from 0 to 255.
nity to calculate average hue histograms (over several com- t

www.giejournal.org V
ression cycles), that is, graphical representations of the
olors (hues) distribution, describing hardness or elas-
icity of focal lesions. Consequently, the mean value of

ic pancreatitis (A), pancreatic adenocarcinoma (B), and a pancreatic
shows the relative strain of the tissues, according to a color scale, with
hron
d and
he histogram corresponds to the global hardness or
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Image enhancement in EUS Fusaroli et al
elasticity of the focal lesions, based on calculations
inside a selected region of interest, which is smaller than
the whole EUS elastography region of interest (Fig. 3;
Video 1, available online at www.giejournal.org).

Analysis of the literature. EUS elastography was
tested in an initial feasibility study, indicating that qualita-
tive analysis of individual frames might be useful for the
differential diagnosis of lymph nodes and focal pancreatic
masses.26 A subsequent multicenter study with similar

ethodology included 222 patients who underwent EUS
xamination for the evaluation of pancreatic masses (n �
21) or lymph nodes (n � 101).27 EUS elastography was
onsidered superior to conventional B-mode imaging, dif-
erentiating benign from malignant lymph nodes as well as
ancreatic masses with excellent accuracy.
Several groups tested the value of EUS elastography for

he differential diagnosis of lymph nodes. Qualitative pat-
ern analysis yielded high sensitivity, specificity, and accu-
acy for the differential diagnosis of 91.7%, 94.4%, and
2.9%, respectively, with an area under the receiver oper-
ting characteristic curve of 0.95.28 Another group used
imilar qualitative criteria and obtained excellent interob-
erver agreement (kappa � 0.84).29 After the initial qual-

itative studies, it became evident that quantification of the
color elastography information might be better in order to
improve accuracy.30,31 Quantification of relative elasticity
alues can be done easily by hue histogram analysis. This
as demonstrated in a heterogeneous group of patients

hat included 78 cervical, mediastinal, or abdominal lymph
odes, through computer-enhanced dynamic analysis of
US elastography movies. The sensitivity, specificity, and
ccuracy for the differential diagnosis of benign and ma-
ignant lymph nodes were 85.4%, 91.9%, and 88.5%,
espectively.

EUS elastography of the pancreas was evaluated in an
nitial feasibility study that included normal patients, patients

Figure 3. EUS elastography of a pancreatic adenocarcinoma, displayed b
tissues induced by heart/respiratory movement as well as transducer comp
frames and calculating mean hue histogram values, based on a scale fro
ith chronic pancreatitis, and patients with pancreatic can- o

648 GASTROINTESTINAL ENDOSCOPY Volume 74, No. 3 : 2011
er.32 Although the videos were considered reproducible and
omplementary to gray-scale movies, the authors could not
recisely differentiate chronic pancreatitis and pancreatic
ancer, based on qualitative evaluation of EUS elastography
ovies. However, another group used 4 elastographic pat-

erns and two blinded investigators to differentiate normal
ancreas and focal pancreatic masses.33 Based on qualitative
attern analysis, the sensitivity, specificity, and overall accu-
acy for the diagnosis of malignancy were 100%, 85.5%, and
4.0%, respectively, with concordant results between two
linded observers (kappa � 0.77). A recent study from the
ame group was based on calculation of the strain ratio
ncluded in the software of the US system and showed high
alues of sensitivity, specificity, and overall accuracy of 100%,
2.9%, and 97.7%, respectively, with an area under the re-
eiver operating characteristic curve of 0.98.34 However, the
election of the reference tissue surrounding the pancreas
an induce a high bias, acknowledged by the authors in the
ethodology of their study. The addition of quantitative

nalysis based on mean hue histogram values calculated for
he region of interest restricted to the focal pancreatic mass
not the entire elastography region of interest) yielded a
ensitivity, specificity, and accuracy of differentiation of be-
ign and malignant masses of 91.4%, 87.9%, and 89.7%,
espectively.35 Furthermore, multilayer perceptron neural
etworks with both one and two hidden layers of neurons
3-layer perceptron and 4-layer perceptron) can be trained to
earn how to classify focal lesions as benign or malignant,
hus yielding an excellent testing performance of 95% accu-
acy on average, for multiple computer runs of the neural
etwork model. These results were confirmed in a recent
ulticenter trial of EUS elastography that included 212 pa-

ients with focal pancreatic masses (pancreatic cancer and
nflammatory masses), indicating a sensitivity of 92.6%, a
pecificity of 71.7%, and an overall accuracy of 87.4%, based

ing the latest software, which shows the compression (displacement) of
on. The software also has the possibility of averaging images over several
o 255.
y us
ressi
n a cut-off value of 175 for mean hue histogram values.36
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Fusaroli et al Image enhancement in EUS
Although the data are still limited and await further
multicenter validation studies, EUS elastography might
provide complementary information to conventional EUS
imaging. The value of EUS elastography might be crucial
in negative EUS-FNA cases in which a strong suspicion of
malignancy still persists. Moreover, EUS elastography can
be combined with contrast-enhanced EUS examinations,
proving that both techniques are complementary and
might help in EUS-FNA–negative cases.37

Contrast-enhanced EUS
Description of the technique. The use of intrave-

nous UCAs has become standard practice in transabdom-
inal US for the diagnosis and follow-up of hepatic and
pancreatic diseases.38 Experience with the use of UCAs in
US is limited in comparison to transabdominal US. Nev-
rtheless, the potential indications for the use of UCAs
ith EUS are multiple, including the characterization of

olid tumor vascularization in the pancreas, the differential
iagnosis of lymph nodes, and the prediction of malignant
ehavior of GI stromal tumors.

Several challenges have been overcome to produce
icrobubbles small enough to cross the lung bed and to
rolong their survival. First, the gases were encapsulated

n a resistant shell that can enhance the pressure that a
mall bubble can tolerate. Second, heavy gases were used,
uch as perfluorocarbons, which are less water soluble
nd less likely to leak out.39 When a gas microbubble is hit
y an US wave, it vibrates, producing a strong backscat-
ered acoustic signal that can be detected by the US probe
nd reproduced as a white echo signal in the monitor. The
echanical index is an arbitrary value reflecting the prob-

bility of cavitation of the microbubbles: the higher the
echanical index, the faster all the microbubbles are
estroyed.

Contrast-enhanced EUS can be performed by using
olor or power Doppler as a generic signal intensifier or,
ore appropriately, by using a dedicated contrast har-
onic: contrast harmonic–enhanced EUS (CHE-EUS).
Many publications in the literature dealt with the use of

CAs with color and power Doppler. The first demonstra-
ion that pancreatic-ductal adenocarcinoma was hypoen-
ancing by contrast-enhanced EUS dates back more than
0 years.40 Subsequently, larger experiences with the use

of the contrast agent Levovist (Bayer AG, Leverkusen,
Germany) were published. Dietrich et al41 used contrast-
enhanced (color Doppler) EUS to investigate patients with
undetermined pancreatic tumors. Ductal adenocarcinoma
of the pancreas showed hypovascularity in 57 of 62 cases,
whereas all other pancreatic lesions revealed an isovascu-
lar or hypervascular pattern (20 neuroendocrine tumors,
10 serous microcystic adenomas, and 1 teratoma). In their
experience, hypovascularity as a sign of malignancy in
contrast-enhanced EUS demonstrated 92% sensitivity and
100% specificity. Regarding the usefulness of contrast-

enhanced EUS to differentiate inflammation (focal pancre- P

www.giejournal.org V
titis) from pancreatic carcinoma, Hocke et al42 reported
hat the sensitivity of EUS was increased from 73% to 91%
y the use of Sonovue (sulfur hexafluoride MBs; Bracco
nternational BV, Amsterdam, The Netherlands). The di-
gnostic yield of contrast-enhanced EUS also was found to
e significantly superior to multidetector CT in the differ-
ntiation between small pancreatic adenocarcinomas (�2
m) from other tumors (sensitivity 83% for contrast-
nhanced EUS vs only 50% for multidetector CT).43

Contrast-enhanced EUS also has been adopted in the
nvestigation of pancreatic cystic neoplasms. Particularly,
ntraductal papillary mucinous neoplasms present difficult
iagnostic challenges when malignancy is to be detected
nside or among the cysts and the dilated Wirsung duct.
hno et al44 analyzed intracystic mural nodules with
ontrast-enhanced EUS and found it to be very useful in
his setting. In fact, although nonneoplastic mural vegeta-
ions (such as mucus plugs) were completely unenhanced,
denomas and adenocarcinomas showed mild vascular
nhancement. Given the suboptimal diagnostic yield of
US-FNA in this disease, further research with contrast-
nhanced EUS is advocated.

Because of their highly vascular internal structure, pan-
reatic endocrine tumors can be visualized nicely with
ontrast-enhanced EUS. Ishikawa et al45 studied 41 pa-
ients with pancreatic endocrine tumors with contrast-
nhanced EUS. Not only was contrast-enhanced EUS more
ensitive than multidetector CT in identifying these small
umors, but also it allowed for the prediction of malig-
ancy by detecting filling defects (seen as heterogeneous
ypoechoic and anechoic areas), which corresponded to
emorrhage or necrosis on pathologic examination.

ontrast harmonic–enhanced EUS
CHE-EUS is able to detect signals from microbubbles in

essels with very slow flow without the burden of
oppler-related artifacts, such as ballooning and over-
ainting, which are common with contrast-enhanced EUS.
n seminal studies from Germany46 and Japan,47 it was
hown that low values of mechanical index allowed good
isualization of the early arterial phase, parenchymal per-
usion, and microvasculature in the pancreas, unlike
ontrast-enhanced EUS, which did not depict the paren-
hymal perfusion images and branching vessels.

Among the available UCAs, Sonovue and Sonazoid
perfluorobutane; GE Healthcare, Little Chalfont, Bucking-
amshire, UK; not available in USA and Europe) are the
ost commonly used in this setting. For an optimal visu-

lization of the Sonovue microbubbles, we use a mechan-
cal index of 0.25 with the radial (GF-UE160; Olympus)
nd linear (GF-UCT180; Olympus) echoendoscopes in
onjunction with the Alfa 10 unit (Aloka, Tokyo, Japan).
owever, the settings differ from manufacturer to manu-

acturer and, for instance, a mechanical index of 0.08 to
.09 can be used for best results with the Pentax-Hitachi

reirus system. Of note, it is the authors’ experience that
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p
a
t
t
p
f
w
d
s
c

(
h
5
e
p
o
r

s
t
o
l
p
n
w
E
n
E
i

o
e
A
m
n
a
n
t
(
n
d
.
s
o
i

p the s

Image enhancement in EUS Fusaroli et al
no difference in image quality is appreciated by using the
full vial of Sonovue (4.8 mL) or half of it; thus, 2.4 mL as a
standard dose in EUS is exactly analogous to the practice
in transabdominal US.38

After a complete EUS examination is done in B-mode,
the echoendoscope is placed in front of the lesion of
interest and switched to the CHE mode. The intermittent
modality of the monitor is activated to keep a reference
B-mode image beside the CHE image. After injection,
Sonovue uptake and washout are evaluated for at least 120
seconds.

The CHE screen is almost black at baseline. When the
contrast material is infused intravenously, the microbubbles
emit a strong echo signal depicting large and small vessels,
both within the surrounding parenchyma and into the le-
sions. As a result, the microvasculature is clearly visualized.
Perfusion of the lesions is continuous, with dynamic obser-
vation of the shift from the unenhanced phase to the contrast-
enhanced phase. The enhancement pattern is dependent on
the internal vascular architecture of the lesion and is differ-
entiated into 3 uptake patterns (hyperenhancement, isoen-
hancement, hypoenhancement) and 2 distribution patterns
(homogeneous, inhomogeneous). We recommend record-
ing the examination in digital format for later review.

Analysis of the literature. We have reported that
CHE-EUS increases the accuracy of EUS for the diagno-
sis of solid pancreatic tumors.48 The finding of a hy-
oenhancing mass with an inhomogeneous pattern was
sensitive (96%) and accurate (82%) identifier of pa-

ients with adenocarcinoma; the vast majority of pa-
ients with primary pancreatic adenocarcinoma had hy-
oenhancing masses that were inhomogeneous and had
ast washouts (Fig. 4; Video 2, available online at
ww.giejournal.org). This finding was more accurate in
iagnosis than the finding of a hypoechoic lesion when
tandard EUS was used. Hyperenhancement specifically ex-

Figure 4. Contrast harmonic-enhanced EUS of a small pancreatic body a
roximal to the lesion. The lesion is hypoenhanced in comparison with
luded adenocarcinoma (98%), although sensitivity was low C

650 GASTROINTESTINAL ENDOSCOPY Volume 74, No. 3 : 2011
39%). Of neuroendocrine tumors, 11 of 13 were non-
ypoenhancing (9 hyperenhancing, 2 isoenhancing) (Fig.
; Video 3, available online at www.giejournal.org). Inter-
stingly, CHE-EUS allowed detection of small lesions in 7
atients who had uncertain standard EUS findings because
f biliary stents or chronic pancreatitis. Targeted EUS-FNA
evealed malignancy in all these lesions.

Napoleon et al49 reported similar figures by using the
ame apparatus (ie, Olympus echoendoscopes in conjunc-
ion with Aloka alfa 10, CHE-EUS performed after injection
f Sonovue) in 35 patients presenting with solid pancreatic
esions. The sensitivity, specificity, and accuracy of hy-
oenhancement for diagnosing pancreatic adenocarci-
oma were 89%, 88%, and 89%, respectively, compared
ith corresponding values of 72%, 100%, and 86% for
US-FNA. Interestingly, 4 of 5 adenocarcinomas with false-
egative results at EUS-FNA were hypoenhanced at CHE-
US (thereby raising the suspicion of cancer and mandat-
ng further investigation).

CHE-EUS also has been used for the characterization
f abdominal lesions by Xia et al,50 who analyzed 43
xtraintestinal hypoechoic masses of uncertain origin.
fter histopathologic evaluation, the majority of these
asses turned out to be both inflammatory and malig-
ant lymph nodes. Interestingly, CHE-EUS with Son-
zoid was very useful in discriminating between malig-
ant (heterogeneous pattern, in which the distorted
umor vessels could be visualized clearly) and benign
homogeneous pattern, mainly hyperenhanced) lymph
odes. Because the benign and malignant lesion groups
iffered significantly in terms of enhancement (P �
001), we speculate that CHE-EUS might prove useful in
electing which lymph nodes should be targeted first for
btaining tissue analysis (Fig. 6). Other interesting stud-
es have been published recently, reporting the use of

carcinoma (thin arrow). A dilated Wirsung duct (thick arrow) is visible
urrounding parenchyma.
deno
HE-EUS in mixed clinical conditions, including the

www.giejournal.org
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characterization and estimation of malignant potential
of GI stromal tumors.51,52

CHE-EUS has been used as a qualitative method so far.
lthough evaluations of interobserver agreement are cur-
ently underway to assess the reproducibility of the tech-

Figure 5. Contrast harmonic–enhanced EUS of a small, pancreatic bod
lack. B, A few seconds after contrast agent injection, the lesions becom

Figure 6. A metastatic lymph node seen behind the pancreas in a patie
hypoenhanced lymph node, predictive of a malignant nature (arrow). E
ique, quantitative assessment of CHE-EUS might prove use- n

www.giejournal.org V
ul. Seicean et al53 presented a preliminary experience of
nalyzing the index of the contrast agent uptake ratio, which
as significantly lower in adenocarcinomas than in mass-

orming chronic pancreatitis, with a sensitivity of 80%, a
pecificity of 92%, a positive predictive value of 93%, and a

roendocrine tumor (arrow). A, At baseline, the lesions appears almost
rkedly hyperenhanced, with a homogeneous internal vascular pattern.

ith rectal cancer. Contrast harmonic–enhanced EUS shows a markedly
ided FNA confirmed malignancy.
y neu
nt w
egative predictive value of 78%.
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Image enhancement in EUS Fusaroli et al
Software-assisted image analysis
Pixel analysis by dedicated software. EUS images

are composed of individual pixels, based on the resolution
of each specific US system. Digital image analysis includes
a variety of mathematical and statistical parameters de-
rived from the distribution of pixels in an image.54 These
sually represent subtle architectural changes of tissues
nduced by pathological conditions, consequently, several
athematical models can be further used to enhance and

mprove the differential diagnosis. Image analysis can be
erformed with various software programs, including Im-
geJ (free JAVA image analysis software available from the
ational Institute of Health at http://rsbweb.nih.gov/ij/).
The most useful analysis is texture analysis, which an-

lyzes blocks of pixels represented by coordinates and
ray-level intensity between 0 and 255 (8-bit images).
mage analyses thus yield a large number of parameters,
hich can be reduced through different statistical tech-
iques.55 All these parameters can be further fed to artifi-

cial intelligence models needed to apply standard machine
learning algorithms. Furthermore, automatic decision sys-
tems consisting of forward/backward stepwise models
easily can be designed based on machine learning algo-
rithms and used to determine the focal pancreatic diag-
nostic classes, based on as little as possible information.56

Integration with EUS. Digital image analysis was used
to some extent for the analysis of gray-scale images in
EUS, mostly for the differential diagnosis of focal pancre-
atic masses. A simplified version of image analysis, based
on single EUS gray-scale images, was initially tested with a
“self-teaching” neural network program intended to differ-
entiate chronic pancreatitis and pancreatic adenocarci-
noma.57 Although this initial feasibility study was based on

small number of patients with chronic pancreatitis (N �
4) and pancreatic cancer (N � 21), the accuracy was
imilar, being 80% for computer analysis, 83% for blinded
ideotape assessment, and 85% for assessment of EUS
mages during the procedure. Improved methodology
ith analysis of a large number of texture parameters is a
istinct advantage offered by recent advances in software
nd hardware. Thus, a recent study included patients with
ormal pancreas (N � 22), chronic pancreatitis (N � 12),
nd pancreatic cancer (N � 22), whose cases were ana-
yzed by extraction of 228 features, with only 11 retained
y principal component analysis.54 An artificial neural net-

work was subsequently built, based on the multilayer
perceptron architecture with a back-propagation algo-
rithm. The sensitivity and specificity for the differential
diagnosis of pancreatic cancer were 93% and 92%, with an
area under the receiver operating characteristic curve of
0.93. The same group published a subsequent article, used
for the EUS differential diagnosis of malignant GI subepi-
thelial lesions, including GI stromal tumors, carcinoid tu-
mors, and lipomas.58 The model was regarded as “good”
for the differentiation of carcinoid tumors and GI stromal

tumors and “excellent” for the differentiation of lipomas, b
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ith areas under the receiver operating characteristic
urve of 0.86, 0.89, and 0.92, respectively. The support
ector machine theory was used with a sequential forward
election process to build, train, and validate a predictive
odel, which achieved high values of sensitivity, specific-

ty, and accuracy for the diagnosis of pancreatic cancer,
hat is, 98%, 94.3%, and 97.8%, respectively. The data used
n the model were obtained from 153 patients with pan-
reatic cancer, 43 patients with chronic pancreatitis, and
0 patients with normal pancreas, examined by mechani-
al radial EUS.

Another approach would be to enhance tissue charac-
erization through the use of additional information based
n spectral analysis from the raw backscattered radiofre-
uency spectrum.59 Spectral analysis of backscattered US
ses information discarded in the EUS gray-scale images/
ovies, dependent on the size and concentration of scat-

erers, as well as the density and sound speed in the
issues. The authors used US spectrum analysis to differ-
ntiate normal pancreas, chronic pancreatitis, and pancre-
tic cancer and also benign and malignant intra-abdominal
nd mediastinal lymph nodes in a feasibility study based
n 21 patients. Although this approach is very interesting,
t certainly awaits further clinical validation in large, mul-
icenter trials and even inclusion in the traditional EUS
ystems.60

There are of course several limitations of software-
ssisted analysis applications in EUS, the most important
eing the small number of patients included in a limited
umber of centers/research groups. Also, the methodology is
ot yet validated in multiple centers because of lack of re-
roducibility in different clinical settings or different EUS
ystems (different manufacturers, mechanical vs digital, radial
s linear, gray-scale vs spectral analysis vs elastography
nd/or contrast enhancement, etc). The ideal digital image
nalysis approach should be easy to use and embedded in
he EUS system during real-time imaging, whereas the indi-
ations in the clinical decision-making process should be
rmly established, either for the differential diagnosis or for
election of better targets for EUS-FNA. Examples of such
echnologies recently embedded in state-of-the-art US sys-
ems include time-intensity-curve analysis during second-
eneration contrast harmonic-enhanced EUS or hue histo-
ram analysis averaged over several compression cycles in
US elastography.61 However, all these technological ad-
ances should be further tested in randomized, multicenter
rials, which should include machine learning technologies
nd even intelligent automatic decision systems.

ridimensional EUS
Types of probes and miniprobes. Tridimensional

US (3-D-EUS) allows the capture of a complete data set
olume, with visualization of spatial relationships between
he lesions and neighboring structures, together with ac-
urate calculations of volume.62 Tridimensional EUS has

een used with radial and linear transducers, both with
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freehand and automatic acquisition techniques (Fig. 7).
Controlled pullback of radial scanning probes has been
applied initially in several studies, with good results.63

Miniprobes were used extensively, especially with systems
with radial-linear switchable probes that provide helical
scanning and dual-plane reconstructions.64-69 Also, linear
canning echoendoscopes have been used with freehand
echniques or electromagnetic tracking devices, based on
otation of the scope along its long axis.70,71 Different

studies also used rigid rectal probes for 3-D endorectal US,
enabling pull-back or automatic volume scanning at trans-
verse and longitudinal scan angles.72-74

Analysis of the literature. Tridimensional EUS was
used with the initial purpose of improving the staging of
esophageal, gastric, pancreaticobiliary, or rectal tumors,
because it enhances anatomical interpretation and defini-
tion of vascular structures, which is needed to evaluate
staging and resectability of tumors.62 Recent studies
showed a good delineation of tumor stage in esophago-
gastric cancer66,68 as well as pancreaticobiliary cancer67,71

or rectal cancer.69,72,73 However, the number of patients
was small, and the methodology was not designed to
derive firm conclusions.

Accurate volume measurements usually are possible
with 3-D EUS, being useful for treatment planning and
monitoring of tumor response.65,71 However, based on the
limited published data, it is not yet clear whether the
results obtained by 3-D EUS are significantly better as
compared with the results of 2-dimensional EUS. Conse-
quently, 3-D EUS should be validated in blinded, multi-

Figure 7. Tridimensional picture of advanced chronic pancreatitis, with
a dilated common bile duct (thick arrow) and Wirsung duct, with intra-
ductal stones (up to 10 mm) (thin arrows).
center studies including large numbers of patients, in com-

www.giejournal.org V
arison with other cross-sectional imaging methods (eg,
agnetic resonance imaging) and pathology validation.
Finally, there is well-established data on the utility of

-D US in the evaluation of anorectal fistulas.75,76 In par-
icular, 3-D US is considered useful for the preoperative
valuation of trans-sphincter fistulas, contributing to plan-
ing of surgery, with a subsequent decrease in postoper-
tive incontinence symptoms.77 The method is especially
seful for recurrent or complex fistulas, improving visual-
zation of tracts and internal openings. Although the immedi-
te impact for diagnosis is not clear, volume rendering offers
mproved visualization, especially for defining anatomical struc-
ures in the pelvis, the extension of anal sphincter defects, the
natomy of complex fistulous tracts, and the presence of sub-
ucosal invasion in early rectal cancer.77

ONCLUSIONS

We provided a comprehensive, updated overview of the
vailable techniques of image enhancement in EUS. In par-
icular, insights into both the technical and the clinical aspects
f basic and advanced techniques were given. Power Dopp-
er, tissue harmonic imaging, EUS elastography, and CHE-
US are already part of the endosonographer’s everyday
rmamentarium. Others techniques, such as 3-D EUS and
igital image analysis are still mainly experimental. However,
ll these methodologies rely on sophisticated software pro-
rams that are actively upgraded by their developers. It is
ikely that their further evolution will be very fast, both for the
ualitative and quantitative analysis of EUS pictures. We spec-
late that this evolution will result in better care of our patients.

EFERENCES

1. Eloubeidi MA, Varadarajulu S, Desai S, et al. A prospective evaluation of an
algorithm incorporating routine preoperative endoscopic ultrasound-
guided fine needle aspiration in suspected pancreatic cancer. J Gastrointest
Surg 2007;11:813-9.

2. Soriano A, Castells A, Ayuso C, et al. Preoperative staging and tumor
resectability assessment of pancreatic cancer: prospective study com-
paring endoscopic ultrasonography, helical computed tomography,
magnetic resonance imaging, and angiography. Am J Gastroenterol
2004;99:492-501.

3. Agarwal B, Abu-Hamda E, Molke KL, et al. Endoscopic ultrasound-
guided fine needle aspiration and multidetector spiral CT in the diagno-
sis of pancreatic cancer. Am J Gastroenterol 2004;99:844-50.

4. Eloubeidi MA, Jhala D, Chhieng DC, et al. Yield of endoscopic
ultrasound-guided fine-needle aspiration biopsy in patients with sus-
pected pancreatic carcinoma. Cancer 2003;99:285-92.

5. Eisen GM, Dominitz JA, Faigel DO, et al; American Society for Gastroin-
testinal Endoscopy. Guidelines for credentialing and granting privileges
for endoscopic ultrasound. Gastrointest Endosc 2001;54:811-4.

6. Fusaroli P, Manta R, Fedeli P, et al. The influence of endoscopic biliary
stents on the accuracy of endoscopic ultrasound for pancreatic head
cancer staging. Endoscopy 2007;39:813-7.

7. Bhutani MS, Gress FG, Giovannini M, et al. The No Endosonographic
Detection of Tumor (NEST) Study: a case series of pancreatic cancers
missed on endoscopic ultrasonography. Endoscopy 2004;36:385-9.

8. Fritscher-Ravens A, Brand L, Knöfel WT, et al. Comparison of endoscopic

ultrasound-guided fine needle aspiration for focal pancreatic lesions in

olume 74, No. 3 : 2011 GASTROINTESTINAL ENDOSCOPY 653



1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

3

3

3

4

4

4

4

4

4

4

4

4

4

5

Image enhancement in EUS Fusaroli et al
patients with normal parenchyma and chronic pancreatitis. Am J
Gastroenterol 2002;97:2768-75.

9. Varadarajulu S, Tamhane A, Eloubeidi MA. Yield of EUS-guided FNA of
pancreatic masses in the presence or the absence of chronic pancreati-
tis. Gastrointest Endosc 2005;62:728-36.

0. Krishna NB, Mehra M, Reddy AV, et al. EUS/EUS-FNA for suspected pan-
creatic cancer: influence of chronic pancreatitis and clinical presenta-
tion with or without obstructive jaundice on performance characteris-
tics. Gastrointest Endosc 2009;70:70-9.

1. Eloubeidi MA, Varadarajulu S, Desai S, et al. Value of repeat endoscopic
ultrasound-guided fine needle aspiration for suspected pancreatic can-
cer. J Gastroenterol Hepatol 2008;23:567-70.

2. Anderson MA, Scheiman JM. Initial experience with an electronic radial
array echoendoscope: randomized comparison with a mechanical sector
scanning echoendoscope in humans. Gastrointest Endosc 2002;56:573-7.

3. Niwa K, Hirooka Y, Niwa Y, et al. Comparison of image quality between
electronic and mechanical radial scanning echoendoscopes in pancre-
atic diseases. J Gastroenterol Hepatol 2004;19:454-9.

4. Papanikolaou IS, Delicha EM, Adler A, et al. Prospective, randomized
comparison of mechanical and electronic radial endoscopic ultrasound
systems: assessment of performance parameters and image quality.
Scand J Gastroenterol 2009;44:93-9.

5. Caletti G, Brocchi E, Baraldini M, et al. Assessment of portal hypertension
by endoscopic ultrasonography. Gastrointest Endosc 1990;36:S21-7.

6. Caletti GC, Bolondi L, Zani E, et al. Detection of portal hypertension and
esophageal varices by means of endoscopic ultrasonography. Scand J
Gastroenterol 1986;21:74-7.

7. Sato T, Yamazaki K, Toyota J, et al. Experience with electronic radial
endoscopic Color Doppler ultrasonography in esophageal variceal pa-
tients. Digestive Endoscopy 2003;15:275-9.

8. Sato T, Yamazaki K, Toyota J, et al. Usefulness of electronic radial endo-
scopic color Doppler ultrasonography in esophageal varices: compari-
son with convex type. J Gastroenterol 2006;41:28-33.

9. Sato T, Yamazaki K, Toyota J, et al. Observation of gastric variceal flow
characteristics by endoscopic ultrasonography using color Doppler.
Am J Gastroenterol 2008;103:575-80.

0. Sato T, Yamazaki K, Toyota J, et al. Endoscopic ultrasonographic evalu-
ation of hemodynamics related to variceal relapse in esophageal
variceal patients. Hepatol Res 2009;39:126-33.

1. Săftoiu A, Popescu C, Cazacu S, et al. Power Doppler endoscopic ultra-
sonography for the differential diagnosis between pancreatic cancer and
pseudotumoral chronic pancreatitis. J Ultrasound Med 2006;25:363-72.

2. Ishikawa H, Hirooka Y, Itoh A, et al. A comparison of image quality be-
tween tissue harmonic imaging and fundamental imaging with an elec-
tronic radial scanning echoendoscope in the diagnosis of pancreatic
diseases. Gastrointest Endosc 2003;57:931-6.

3. Frey H. Real-time elastography. A new ultrasound procedure for the
reconstruction of tissue elasticity. Radiologe 2003;43:850-5.
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5. Săftoiu A, Vilmann P, Gorunescu F, et al. Neural network analysis of dy-
namic sequences of EUS elastography used for the differential diagnosis
of chronic pancreatitis and pancreatic cancer. Gastrointest Endosc
2008;68:1086-94.
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